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(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance the thermal impulse 
resistance of a plate and, at the same time, install with a simple 
means in a mass production process by a method wherein 
chamfered parts are formed with cutting tools on an unprocessed t 
body before its sintering. 

SOLUTION: In order to form chamfered parts 38, two cutting 
tools 46 equipped respectively with one cutting edge 47 are 
fixingly arranged to a support. These cutting tools 46 have 
cutting wedges 49. The cutting edges 47 of both the cutting tools 
46 to longitudinal edges 36, which are formed on the cover 
surface of an unprocessed body 19 and locate opposite to each 
other. Through the realization of a straight-line motion with 
carriage, the body 19 is moved to the cutting surface of the 
cutting tool 46 or to the direction indicated with the arrow. In this 

case, each cutting tool 46 scrapes scraps or chips 50 off the longitudinal edge 36. As a result, first of 
all, the two chamfered parts 38 are produced on the top side cover surface of the unprocessed body 
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19. These chamfered parts 38 heighten the thermal impulse resistance of the body 19. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]A ceramic body which comprises a complex of at least one ceramics sheet on which it is a 
method for manufacturing a ceramic body of plate shape, and at least one stratum functionale is 
laminated, In a method of forming a chamfer, in order to manufacture by sintering a raw object and to 
improve the thermal shock resistance of a ceramic body to longitudinal direction edge of a ceramic 
body, How to manufacture a ceramic body of plate shape forming a chamfer (38) in a raw object (19) 
with a cutting tool (46) before sintering. 

[Claim 2]A method according to claim 1 of forming a chamfer (38) by cutting movement of almost linear 
shape. 

[Claim 3]A method according to claim 1 of heating a raw object (19) in temperature of 50 ** - 200 **. 
[Claim 4]A method according to claim 1 of forming a chamfer (38) so that an angle of about 45 degrees 
may be accomplished to the side or a cover surface of a raw object (19). 

[Claim 5]A method according to claim 1 of setting width of a chamfer (38) to 0.1-0.3 mm in a part which 
has the maximum width. 

[Claim 6]or [ increasing a chamfer (38) gradually covering an overall length of a ceramic body ] -- or a 
method according to claim 1 of forming so that it may have the width which decreases gradually. 
[Claim 7]ln a device for enforcing a method given [ to claims 1-6 ] in any 1 paragraph, A receiving part 
(44) for a raw object (19) is provided, and at least one cutting tool (46) provided with a cutting edge 
(47) is arranged, An outline of a cutting edge (47) ****s at an angle of a chamfer (38), and relative 
motion of almost linear shape is performed between a raw object (19) and a cutting tool (46), A device 
for enforcing a method given [ to claims 1-6 ] in any 1 paragraph, wherein a cutting edge (47) meets 
selectively at least one longitudinal direction edge (36) of a raw object (19) at least and forms a 
chamfer (38). 

[Claim 8]The device according to claim 7 with which a receiving part (44) is a portion of a carriage (42) 
which can exercise linearly, and a cutting tool (46) is arranged to a carriage (42) at stationing. 
[Claim 9]The device according to claim 7 with which a cutting tool (46) has a cutting wedge object (49) 
which is about 15 degrees, and a cutting surface formed of this cutting wedge object (49) has about 
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30-degree cutting angle beta to a cutting movement flat surface. 

[Claim 10]The device according to claim 7 which can heat a receiving part (44) and/or a cutting tool 
(46). 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]lt is a method for manufacturing the ceramic body of plate shape, and the sensor 
element for measuring the concentration of the gas constituents in a gas mixture thing especially in this 
invention, A green body (Gruenkoerper) gets blocked the ceramic body which comprises the complex 
of at least one ceramics sheet on which at least one stratum functionale is laminated, and a raw object 
is sintered. 

Therefore, it manufactures, and in order to improve the thermal shock resistance of a ceramic body to 
the longitudinal direction edge of a ceramic body, it is related with the method of forming a chamfer. 

[0002]Furthermore, this invention relates to the device for enforcing this method. 
[0003] 

[Description of the Prior Art]The ceramic body of the plate shape manufactured by sintering at least 
one ceramic solid electrolyte sheet provided with the stratum functionale is formed as an 
electrochemical sensor element for measuring the gas concentration of the gas constituents in a gas 
mixture thing, for example. Such a sensor element is used as a lambda sensor for measuring the 
oxygen content in the exhaust gas of an internal-combustion engine. The solid electrolyte sheet of 
such a sensor element as a complex provided with the stratum functionale (an electrode, a conductor 
path, a conductor, etc.) which has oxygen ion conductivity and was printed by screen-stencil, It is 
collected by laminating in the state where it has not been sintered yet, one raw object which has not 
carried out the end of processing thoroughly yet is formed, and, subsequently it is sintered at the 
temperature of 1400 **. Instead of the complex of the ceramics sheet located up and down mutually, 
these ceramics sheets can also be obtained according to each presswork. In this case, it is printed 
after a solid electrolyte and the stratum functionale have lapped up and down mutually on a supporting 
board. 

[0004]Said sensor element for measuring the concentration of gas constituents is exposed to the hot 
emission which has a variously different temperature of an internal-combustion engine. Based on a 
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temperature change carrying out the heterogenesis with variously different intensity into exhaust gas, a 
sensor element receives a thermostat shocking jam thermal shock. This thermal shock causes 
generating of mechanical stress in the surface area of a sensor element, especially edge. 
[0005]ln order to improve the thermal shock-proof nature of a sensor element, it is publicly known to 
fracture the longitudinal direction edge of a sensor element based on a U.S. Pat. No. 5144249 
specification, i.e., give one chamfer to these longitudinal direction edge, respectively. Processing 
shaping of a chamfer is performed by the grinding action in the sensor element which carried out the 
completion of sintering. The sensor element which already carried out the completion of sintering is 
processed mechanically, and the fault in this case requires the time and effort in which this processing 
is comparatively big. 

And for example, it is that the undesirable damage to a sensor element is made to be generated by the 
curve of a sensor element. 

Furthermore, a sensor element must be defecated so that the wear piece of grinding dust and an 
emery wheel by which it was generated at the time of grinding may be removed after grinding. 
[0006]ln the Federal Republic of Germany patent application 19713904.No. 1 specification, getting it 
blocked and forming in a raw object by deformation processing, for example, ****, or laser beam 
machining, before sintering a chamfer is already proposed. When included in a mass production 
process, the inconvenience at the time of the inconvenient and refreshable use at the time of handling 
is in such a method by ****. 
[0007] 

[Problem(s) to be Solved by the InventionJThe technical problem of this invention is removing an 
above-mentioned fault while it improves the device of the form described at the method described at 
the beginning, and the beginning and improves the thermal shock resistance of the ceramic body of 
plate shape. 
[0008] 

[Means for Solving the Problem]ln order to solve this technical problem, it was made to form in a raw 
object with a cutting tool (spanabhebendes Schneidwerkzeug) in a method of this invention, before 
sintering a chamfer. 

[0009]ln order to solve the above-mentioned bibliographical note furthermore in composition of this 
invention. A receiving part for a raw object is provided and at least one cutting tool provided with a 
cutting edge is arranged, An outline of a cutting edge ****ed at an angle of a chamfer, relative motion of 
almost linear shape was performed between a raw object and a cutting tool, and a cutting edge meets 
selectively at least one longitudinal direction edge of a raw object at least, and formed a chamfer. 
[0010] 

[Effect of the lnvention]The method by this invention has the advantage that this method is 
incorporable into a mass production process by an easy means. Compared with a grinding process, 
only few process processes are still more nearly required. It is because defecation of a ceramic body is 
not needed after manufacture of a chamfer. Based on the fact of applying the cutting method in the 
green state, i.e., the raw state, of a sheet, cutting force is not generated slightly. The wear piece with a 
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possibility of making the ceramic body which furthermore carried out the completion of sintering in the 
grinding process producing damage is not produced. Compared with the deformation-processing 
method for generating remarkable deforming force in ****** of a chamfer, material movement is slight. 
Fear of the shape instability by damage to a lamination complex connected with this material 
movement is fully removed. An important transition part is formed the best for a green sheet, i.e., a raw 
sheet, in the cutting method about the sensitivity to the thermal shock between the side of a chamfer 
and a plate shape object, and a cover surface on quality. The sharp edge between a chamfer, the side, 
and a cover surface acts on the sensitivity to a thermal shock inconvenient too. Even when the cutting 
tool which equipped the surprising thing with the straight cutting edge is used, it turns out that a radius 
of circle arises on sharp edge. 

[001 1]Another advantageous means of the method of this invention is possible by the feature indicated 
to two or less claim. Especially an advantageous thing is performing the linear primary motion, for 
example, using a cutting tool like a plane. In this case, it is advantageous, if the cutting tool of two 
stationing is arranged on two edge which counters mutually and is located, respectively and cutting 
movement by the relative motion of a ceramic body is made to produce. Especially the thing for which 
50 ** - 200 ** of ceramic bodies are advantageously cut at the temperature of 80 ** from a viewpoint of 
making generating of cutting force as small as possible, according to selection of an organic binder is 
advantageous. At the time of processing of a sensor element, if the processing direction of the cutting 
method is set up go to the end face by the side of a terminal area from the end face by the side of the 
measurement gas of a sensor element, it turns out that it is advantageous. It is advantageous if a 
chamfer is gradually made into expansion or a taper over the whole longitudinal direction edge. 
Suitable cutting force and a processed surface with optimal chamfer are attained by about 30-degree 
cutting angle. The wedge angle of a cutting tool is about 15 degrees. 
[0012] 

[Embodiment of the lnvention]Next, the embodiment which showed this invention to the drawing is 
described. 

[0013] Drawing 1 is a cross-sectional view of the sensor element 10. This sensor element works as 
what is called a lambda sensor for measuring the oxygen content in the exhaust gas of the internal- 
combustion engine of a car, or the exhaust gas of combustion facilities. The sensor element 10 mainly 
has the long and slender plate shape object 1 1 provided with the end sections 12 by the side of 
measurement gas, and the end sections 13 by the side of a terminal area (drawing 2). This plate shape 
object comprises the complex of each solid electrolyte sheet and the stratum functionale. The sensor 
element 10 is constituted so that it may have the measuring cell 14 and the heat element 15, so that 
clearly from the sectional view of drawing 1 . This measuring cell 14 comprises the 1st solid electrolyte 
sheet 16 and 2nd solid electrolyte sheet 18. The reference gas passage 20 is included in the 2nd solid 
electrolyte sheet 18 in one. This reference gas passage 20 is closed by the end sections 12 by the side 
of measurement gas, and is shown from the plate shape object 1 1 of the sensor element 10 by the end 
sections 13 by the side of a terminal area. The sensor element 10 has the measuring electrode 22 and 
the reference electrode 24 suitable for the reference gas passage 20 by the end sections 12 by the 
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side of measurement gas. The measuring electrode 22 is covered with the porous cover layer 26. 
[0014]The heat element 14 has two or more conductors 32 embedded at the two electric insulating 
layers 28 and 30. Another solid electrolyte sheet 34 is formed following the insulating layer 30. This 
solid electrolyte sheet covers the heat element 15 as a cover layer. 

[0015]The ceramic body 1 1 formed as a plate shape object has the chamfer 38 of one each which 
accomplishes the angle of 45 degrees on four edge by the side of the straight side, for example. Since 
these chamfers 38 are becoming a taper gradually covering longitudinal direction extension length, 
these chamfers 38 have been finished with the end sections 13 by the side of a terminal area toward 
each edge. These chamfers 38 have a width of 0.2 mm advantageously 0.1-0.3 mm at the end by the 
side of the measurement gas of the end sections 12 by the side of measurement gas. However, a 
making [ finish it with conical shape as the end by the side of measurement gas ]-chamfer 38 mist 
beam is possible. Furthermore, these chamfers 38 may be constituted so that it may have fixed width 
covering the whole longitudinal direction extension length. 

[0016]the cutting tool which equipped the surprising thing with the straight cutting edge when these 
chamfers 38 were manufactured based on the method by this invention -- even using -- the edge of the 
chamfer 38, Sharp edge was not formed toward the partition side (a cover surface and the side) of the 
side, but it turned out that it cuts off the corners round slightly. Such shape improves the sensitivity to a 
thermal shock still more nearly further. 

[0017]The solid electrolyte sheets 16, 18, and 34 comprise the zirconium oxide which has oxygen ion 
conductivity, for example, was stabilized. The electrode (the measuring electrode 22 and reference 
electrode 24) and the conductor 32 comprise for example, the platinum-cermet. The insulating layers 
28 and 30 comprise for example, aluminum 2 0 3 . The platinum-cermet for forming the measuring 

electrode 22, the reference electrode 24, and the conductor 32 is printed by screen printing on either 
the solid electrolyte sheet 16 corresponding to paste state, or the insulating layers 28 and 30. After the 
solid electrolyte sheets 16, 18, and 34 are laminated and each solid electrolyte sheet and the whole 
complex of the stratum functionale are packed, they form the raw object 19 of long and slender plate 
shape which has rectangular parallelepiped shape mostly, that is, has a square cross section mostly 
and which has not been processed thoroughly yet. Based on a cross section being a rectangle, the 
four longitudinal direction edge 36 prolonged on the raw object 19 at a longitudinal direction is formed. 
These edge makes the plate shape object 1 1 sintered behind produce four sharp edge. The edge 
formed in the raw object 19 which has a square cross section is fractured by the raw object 19 by 
carrying out processing shaping of the chamfer 38 by the cutting tool 46. Cutting movement of the 
cutting tool 46 is mostly prolonged in linear shape. 

[0018]The schematic diagram of the device for forming the chamfer 38 is shown in drawing 3 . This 
device has the base material 40. Along with this base material, the carriage 42 which performs a 
straight-line motion is shown. The receiving part 44 is formed in the carriage 42. The raw object 19 of 
the next sensor element 10 is held at this receiving part. In order to form the chamfer 38, the two 
cutting tools 46 provided with the one cutting edge 47, respectively are arranged fixed to the base 
material 40. These cutting tools 46 have the cutting wedge object 49 shown in drawing 4 . This cutting 
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wedge object 49 has about 15-degree wedge angle alpha and about 30-degree cutting angle beta. The 
cutting edge 47 of both the cutting tools 46 acts on the longitudinal direction edge 36 which was formed 
in the cover surface of the raw object 19 and which counters mutually and is located, respectively. In 
this example, processing by the cutting tool 46 starts in the end sections 12 by the side of 
measurement gas. The raw object 19 is made to exercise to the cutting surface of the cutting tool 46, 
when a straight-line motion is realized by the carriage 42 by the direction of the arrow shown in 
drawing 4. Under the present circumstances, each cutting tool 46 strips off the scraps 50, i.e., a chip, 
from the longitudinal direction edge 36. Thereby, the two chamfers 38 arise in the cover surface of the 
raw object 19 upper part first. By the raw object's 19 inclining and arranging it in the direction of feed 
motion, within the receiving part 44, as shown in drawing 2 , the width of the chamfer 38 becomes a 
taper gradually. In this case, the chamfer 38 is broader than it can set to the end sections 13 by the 
side of a terminal area in the end sections 12 by the side of measurement gas. In order to form two 
another chamfers 38 in the cover surface of an opposite hand, 180 degrees of raw objects 19 are 
rotated focusing on a longitudinal direction axis in the receiving part 44. Another double-sided picking 
part 38 of these is formed according to the above-mentioned operation form. In order to bring the raw 
object 19 to a temperature required for formation of the chamfer 38, the receiving part 44 and the 
cutting tool 46 can be heated. 

[0019]This invention is not limited to manufacture of the sensor element 10 for measuring the gas- 
constituents concentration in a gas mixture thing. For example, a use example which is exposed to the 
temperature change with a high ceramic body can be considered. Such a ceramic body may be a 
ceramics board for the heater of plate shape, the ceramic temperature feeler of plate shape, or an 
integrated circuit (for example, pin grid array). 



[Translation done.] 
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